E xtreme heat episodes result in significant morbidity, especially in northern latitudes or areas influenced by more temperate climates.
reached. 8 Results of the surveillance activities and ensuing actions are also presented.
The Montreal heat plan

Target Population and Setting
The MHRP covers the Island of Montreal. It comprises five levels which define different actions to be taken, namely the Normal level, Seasonal watch, Active watch, Alert level and Intervention level ( Table  1 ). The attainment of these levels is determined through surveillance of weather and health indicators. The weather threshold upon which emergency interventions take place was determined following analysis of all-cause mortality during different heat wave episodes spanning a 20-year period from 1984 to 2004. 9 The weather threshold was based on a 60% increase in all-cause mortality. This threshold corresponds to a weighted average maximum temperature of ≥33°C over 3 days and a weighted average minimum temperature of ≥20°C over 3 days. 10 The surveillance of health and weather indicators is ensured by the Montreal public health surveillance team on a daily basis as part of an existing surveillance system developed by the Montreal public health department. 11 Mortality data are accessed daily from hospital statistics. Health indicators include total mortality (death occurring at home or in the community, long-term health care and hospital mortality), number of prehospital emergency transports (Urgences-santé), calls to the health information line (Info-Santé) and hospital admissions. The surveillance system automatically brings attention to these indicators when they increase above expected baseline values. However, it is important to note that the increases in health indicators are also evaluated subjectively using information from the field. At the Active watch level, following a heat warning by Environment Canada (forecast of temperatures ≥30°C and Humidex ≥40), the system automatically transmits a heat warning to various partners. At the Alert level, following a forecast reaching or exceeding the aforementioned threshold temperatures, daily conference calls are scheduled between the public health network and partners at the municipal and civil security level. The onset of emergency interventions (Intervention level) takes place when these predetermined temperature levels have been attained or are forecast to be attained and health indicators are above normal levels.
Public Health Intervention During the Extreme Heat Event of July 2010
In the beginning of July 2010, Montreal experienced a heat wave that lasted 5 days, with a mean maximum temperature above 33ºC, while minimum temperatures stayed above 20ºC for 9 days. During the heat wave, temperature as well as health indicators were tracked daily by the Montreal public health surveillance team. In addition, further information on prehospital emergency transport and deaths occurring in the community were obtained on a daily basis through Urgences-santé. actions were performed by municipal, regional and local public health partners. These actions are wide-ranging (mass media communication, involvement of local health departments in order to identify vulnerable individuals, opening of air-conditioned shelters, extension of pool opening hours, etc.). 8 Interventions also involve hospitals and long-term care, prehospital emergency care, boroughs and cities in the island of Montreal, police and fire departments (see Table 1 for more details).
Following the heat wave, there was an excess in daily observed mortality from all causes, particularly in the community. As part of our surveillance efforts, the Director of public health conducted a chart review of all people deceased from July 5 to July 11, 2010, a period that spanned the heat wave. Individual evaluation of 304 records was performed, according to contribution of heat and place of death (community, longterm health care facility, hospitals). The chart review was not part of the actions initially described in the heat plan, but was prompted by the excess mortality and was part of the Director of public health's surveillance mandate.
OUTCOME Health indicators during the heat wave
Between July 5 and July 11, 2010, there was a noted increase in the number of calls to Info-Santé regarding oppressive heat ( Figure  1A) , and a clear increase in prehospital emergency transports and total and community deaths ( Figure 1B and 1C) . However, emergency room visits did not increase during this period. Prehospital transportation and Info-Santé calls were the first indicators to vary with increases from baseline detected as early as July 5. Deaths in the community and total deaths increased only as of July 7. Other indicators, such as deaths in hospitals, deaths in the emergency wards and deaths in long-term care, did not show any clear patterns. 8 
Chart review
As presented in Table 2 , of the 304 deaths from all causes in Montreal residents, 106 were probably or possibly heat-related. In order to quantify the contribution of heat, the medical team at the Montreal public health department developed a medical chart extraction form (see Supplemental Appendix A), based on information in the literature provided in case-control studies. 12, 13 From this chart extraction form, the mortality cases were divided into three categories based on contribution of heat to the death: probable heat- facilities) and deaths in the community related cases, possible heat-related cases and improbable heat-related cases. For the community deaths, data were extracted from the death certificate, the prehospital intervention report and attestation of death performed by the medical team of Urgences-santé. For long-term care and hospitals, medical records were consulted on site or faxed and data were extracted from them. Results were tabulated according to risk factors derived from the literature. Two major underlying health conditions were identified in heatrelated deaths: cardiovascular problems and mental health problems. Often, numerous underlying health conditions were present in an individual. In addition, when analyzing the 32 reported community deaths for people with mental illness, many of these people lived alone, and 14 out of 21 for whom information was available were contacted 24 hours prior to their death by health care professionals, family members, neighbours or friends. The chart review also revealed that the medical files for the patients in long-term care facilities were lacking information. Hence in these settings, the extent to which heat contributed to death for these patients was more difficult to identify.
On typical summer days in Montreal, 70% of deaths from all causes occurred in hospitals, followed by 14% in the community and 16% in long-term care facilities.
14 During the 2010 heat wave, 52% of deaths from all causes occurred in hospitals, while 31% occurred in the community and 17% in long-term health care facilities. For heat-related deaths during the heat wave, 93 occurred in the community (88%) and 13 occurred in long-term health care facilities and hospitals (12%).
Update of the heat response plan following the 2010 heat wave
In this paper, we highlighted the functioning of the MHRP and regional surveillance system. The observations stemming from the 2010 heat surveillance system and the chart review prompted Montreal public health and its partners to update its heat response plan and surveillance system. It was decided that the sentinel indicators would be the Info-Santé calls, prehospital transports and community deaths. The main advantage in using these indicators is that the data regarding these events are available rapidly (the next day). In addition, it was decided that during heat waves, the physician filling the attestation of death would also use a section of the chart to determine if mortality is probably, possibly or not related to heat, thus guaranteeing rapid availability of information. Major changes to the MHRP also include the onset of the Intervention level following two instead of three days of temperatures reaching the threshold temperatures if Environment Canada maintains its predictions of >33°C for the third day. Indeed, it was observed that increase in mortality in the community occurred a day earlier than the peak in total deaths. Furthermore, during the heat wave, total deaths occurring at home in the community were twice the normal expected value. This displacement of deaths, from hospitals to the community, has also been observed during other heat waves. 15 The results of the chart review performed during the heat wave indicated that individuals over approximately 70 years of age and suffering from cardiovascular disease were at higher risk during a heat wave. Communication strategies have previously been developed for specific vulnerable populations, including seniors. However, the chart review also highlighted the important vulnerability of individuals with mental illness in Montreal and of those who were drug-or alcohol-dependent. Individuals with mental illness who died during the heat wave were also younger, averaging approximately 60 years of age. Family, friends and professionals may have been less aware that individuals with certain mental illnesses were particularly vulnerable during a heat wave, as can be implied by the data reporting that many people with mental illness were contacted 24 hours prior to their death. It was thus decided that there would be a specific communication campaign during heat waves that targets individuals with mental illnesses (in addition to the communication campaign already in place targeting the elderly and young children). In addition, there would be further preparation work with local health and social services centres, community organizations and psychiatric hospitals to ensure that there is proper outreach to vulnerable populations, including patients with mental illness, during heat waves.
DISCUSSION
The MHRP and surveillance system as implemented have strengths and limitations. The surveillance system provides the information necessary for Montreal's public health department and its partners to decide on the levels of interventions required during the summer period and when there is a heat wave on the Montreal Island. This system is unique because the information is very timely, especially with regards to health indicators that are often available within the same day. This surveillance system is based on the daily monitoring of several health indicators that can respond rapidly during a heat wave; indeed, it is able to detect slight increases in heat-related deaths even before important increases are observed in the total number of deaths from all causes. Some systems developed elsewhere are also based on daily monitoring of indicators, such as mortality. In general, these systems, including the one developed in Montreal, aim to reduce as much as possible delays in transfer and analysis of health indicators. [16] [17] [18] [19] However, regarding health indicators, it is not clear if the increases in heat-related Info-Santé calls were prompted by the heat protection measures presented in the mass media campaign that was occurring simultaneously. In fact, as part of the preventive messages, the population was encouraged to contact Info-Santé for further information. The Montreal heat wave in July 2010 was extreme both in duration and intensity. It is not clear such a health outcome would occur if weather criteria were met but with shorter duration and less intensity. In addition, contrary to expectations, as can be seen from the community mortality data, there was a protracted period of community mortality (July 12 th and 13 th ), even after most interventions were stopped because of cooler temperatures. Recent studies have proposed that the intensity and duration of a heat wave, and consequently associated mortality during this period, could be best predicted if the cumulative effect of several hot days is taken into consideration. 20 As previously discussed, the MHRP and heat surveillance system were updated and further actions were taken as a result of the information obtained during the July 2010 heat wave in Montreal. Lessons learned from our approach are important for any surveillance initiative regarding heat. It is hoped that better communication methods for the vulnerable populations and earlier intervention will diminish the health impact, given the observation that although contacted by health care professionals, family or friends 24 hours prior to their death, many people with mental illness unfortunately died during the heat wave. Future initiatives should
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focus on better identifying the vulnerable populations and communicating preventive measures, pursuing the identification of the most valuable health indicators, as well as thoroughly evaluating the overall impact of the heat response plan and its actions on mortality reduction during heat waves. The current paper was not designed to assess whether the heat plan, as applied in 2010, was effective in reducing mortality. Future research specifically aimed at evaluating the effectiveness of the heat plan would allow one to conclude whether changes in mortality are attributable to the implementation of preventive measures in the heat plan. L'augmentation importante de la mortalité quotidienne observée, toutes causes confondues, en particulier des gens mourant à la maison ou dans la communauté, a incité le directeur de la santé publique à procéder à l'examen des dossiers médicaux de toutes les personnes décédées entre le 5 et le 11 juillet 2010 pour déterminer la cause du décès et les troubles médicaux sous-jacents.
RÉSULTAT : Durant la vague de chaleur, 304 décès (toutes causes confondues) ont été signalés chez les résidents de Montréal, dont 106 probablement ou possiblement liés à la chaleur. Les troubles médicaux sous-jacents graves dans les décès liés à la chaleur étaient les problèmes cardiovasculaires et les maladies mentales. De plus, l'examen de dossiers médicaux des personnes atteintes de maladies mentales décédées durant la vague de chaleur a révélé que beaucoup avaient été contactées 24 heures avant leur décès par des professionnels de la santé, des parents, des voisins ou des amis. CONCLUSION : À la suite de la vague de chaleur de 2010, le plan d'intervention en cas de chaleur et le système de surveillance de la chaleur de Montréal ont été révisés; on y a inclus des initiatives pour mieux communiquer les mesures de prévention aux populations vulnérables et pour intervenir plus tôt durant une vague de chaleur.
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